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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DivisioN OF HYDROGRAPHY,
Washington, D. C., May 17, 1902.
Sir: I have the honor to transmit herewith a manuscript giving the
results of operations at various river stations in 1901, and request
that it be published in the series of Water-Supply and Irrigation
Papers. The material has been divided into two parts, the first part
relating to the eastern portion of the country and the second part to
the western. .
The general conclusions drawn from the operations at the river
stations, together with diagrams, maps, and illustrations, are being
prepared for publication in the new Professional Papers series, being
designed to be in form and substance similar to preceding volumes
known as Part IV of the Eighteenth to the Twenty-second Annual
Reports.
Very respectfully,
F. H. NEWELL,
Hydrographer in Charge.
Hon. CrARLES D. WALCoOTT,

Director United States Geological Survey.
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OPERATIONS AT RIVER STATIONS, 1901.
PART I—(EAST OF MISSISSIPPI RIVER.)

MAINE RIVERS.

The rivers of the State of Maine furnish some of the best water-
power sites in the United States. The large rivers have their sources
in general at high elevations among the mountains and. hills of the
central and northern part of the State. Their fall is rapid, with
frequent vertical drops over granite ledges. Building stone is abun-
dant in mnearly all the drainage basins. The rocky beds furnish
excellent foundations for dams and mills, and the excellent harbors
along the coast, together with the railroad lines following the lower
courses of the streams, give for a large part of the State excellent
transportation facilities. The extensive lake areas, aggregating 2,300
square miles, furnish natural reservoirs for the storage of storm
waters that could not be equaled throughout the United States. In
addition to the lakes, the extensive forests covering the greater part
of the State and the gravelly and porous soil tend to make the flow of
the Maine rivers remarkably uniform.

During the summer of 1901 the United States Geological Survey
commenced the hydrographic study of the State of Maine. Prior.to
that time records of flow from a few of the main rivers had been
furnished by engineers and manufacturing companies and published in
the reports of the Survey. It is hoped that these records may be con-
tinued and that the investigations may be extended, so that definite
information may be obtained of the flow, fall, and the possthilities of
increased storage on all of the larger streams of the State.

In the following pages the records of flow for the year 1901 are
published for all stations for which such figures are available. In
addition to these, gage heights are given at a number of the new sta-
tions established by the Survey, with the results of eurrent-meter
measurements made from time to time. As soon as these stations
have been continued for a sufficient period to permit of the construc-
tion of a rating curve for the stations, the records of flow for each day
of the year will be published.

During 1901 rain gages were established by the Survey at The
Forks, Roach River, Northeast Carry, Jackman, and Wytopitlock,

13



14 OPERATIONS AT RIVER STATIONS, 1901,—PART I. [No. 65.

and by the Kennebec Water Power Company at Kineo. Gaging sta-
tions were selected by H. A. Pressey and N. C. Grover, professor of
civil engineering, University of Maine, and established by the Survey
in the same year on the Kennebec River at The Forks and North
Anson, on Roach River at Roach River, on Dead River at The Forks,
on Carrabasset River at North Anson, and on Penobscot River at
Montague. :

Descriptions of the drainage areas of the Maine rivers will be found
in Water-Supply and Irrigation Paper No. 69, and records of flow for
past years will be found in the same paper.

PENOBSCOT RIVER.

The Penobscot is the largest of the Maine rivers flowing into the
Atlantie, and owing to its large fall and its numerous lakes is impor-
tant as a water-power stream. The basin is deseribed in Water-
Supply and Irrigation Paper No. 69. Few measurements of lowhave
been made on the river, but the results of two measurements made
at Orono, in 1884 and 1886, are given in Water-Supply and Irrigation
Paper No. 69.

A record of the flow at Sunk Haze Rips, near Costigan, Me., was
kept from September 15, 1899, to September 22, 1900. The rating
curve was constructed from tube-float measurements made by George
F. Hardy and reported to the supreme court of Maine on October 23,
1901. The drainage basin at Sunk Haze Rips has an area of 7,450
square miles. The results of the measurements at this point are
given in the following table:

Duaily discharge, in second-feet, of Penobscot River at Sunk Haze Rips, Costigan,

Me., for 1899.

Day ]‘ Sept. | Oct. | Nov. Dec Day Sept. | Oct. | Nov. | Dec.
3,450 | 3,300 | 4,800 2,830 | 4,400 | 10,150
4,250 | 5,600 | 5,100 2,330 | 5,100 | 10,150
5,100 | 10,850 | 5,950 2,390 | 5,250 | 10,500
3,900 | 12,200 | 8,000 2,430 | 5,950 | 11,000
3,550 1 11,000 | 8,750 2,350 | 6,240 | 11,250
3,360 {10,850 | 8,650 2,100 | 6,700 | 11,200
3,190 ! 10,500 | 8,650 2,670 | 6,800 | 10,300
3,300 | 14,000 | 7,700 2,420 | 6,450 | 9,850
3,200 | 9,090 | 8,500 2,3201 5,600 9,750
3,100 | 8,300 | 7,900 2,100 | 5,100 | 9,200
3,100 | 7,620 | 7,440 2,330 | 5,20 | 8,850
2,950 | 7,300 [ 7,230 2,160 | 5,600 | 8,570
2,750 | 6,020 | 9,400 22,000 | 5,800 | 8400
2,630 | 6,240 | 11,500 2,550 ... 9,430
2,630 | 6,100 | 11,500
2,330 | 6,100 | 10,000 2,764 | 7,170 | 9,014
2,410 | 5,800 | 9,750

2 Shut down at Montague.
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Daily discharge, in second-feet, of Penobscot River at Sunk Haze Rips, Costigan,
Me., for 1900.

Day Jan Feb. | Mar Apr. | May. | June. | July. | Aug. | Sept.
36,000 | 47,600 | 40,300 | 59,400 | 34,300 | 11,900 | 14,100 | 5,950
35,800 | 47,500 | 39,600 | 54,800 | 80,300 | 12,200 N 5,950
33,700 | 45,600 | 41,300 | 54,100 { 36,300 | 11,900 A 5,950
32,200 | 44,400 | 44,500 | 61,200 | 41,600 | 11,300 | 12,700 | 5,950
31,700 | 42,300 | 46,600 | 72,500 | 38,200 | 11,700 | 12, 6,100
31,800 | 41,400 | 43,800 | 74,700 | 34,700 | 12,500 | 12,400 | 6,950
31,500 | 39,400 | 42,600 | 69,900 | 32,300 | 12,800 | 12,050 | 6,800
31,000 | 37,700 | 45,300 | 66,900 | 30,300 ,800 | 12,050 | 6,260
30,000 | 36,500 | 48,800 | 63,600 | 27,400 | 13,200 | 12,050 | §,800
29,200 | 85,100 | 44,500 | 63,000 | 24,200 | 14,100 | 12,050 ; 5,400
27,200 | 33,600 | 48,800 | 61,700 | 24,200 | 14,100 | 12,050 | 3,140
26,200 | 32,650 | 36,600 | 58,000 | 23,900 | 14,100 | 13.400 | 3,270
27,150 | 31,100 | 88,000 ! 53,400 | 22,300 | 14,400 | 13, 3,100
29,800 | 80,500 | 42,600 | 49,400 | 22,000 | 18,900 | 12,700 | 3,270
48,000 | 29,800 | 44,500 | 50,100 | 18,400 | 14,600 | 12,400 | 3,350
51,000 | 29,200 | 46,100 | 54,100 1 19,000 | 14,000 | 13,400 | 3,250
52,400 | 34,800 | 48,100 | 50,700 | 17,500 | 11,900 | 12, 3,050
49,900 | 44,100 | 49,400 {750,800 | 14,600 | 13,200 | 12,050 | 3,020
47,300 | 33,200 | 54,800 | 48,800 | 13,600 | 16,900 | 11, 2, 800
45,000 | 32,500 | 62,400 | 54,100 | 12,600 | 21,400 | 11,700 | 2,620
43,000 | 62,700 | 62,000 | 62,400 | 10,500 | 18,700 | 11, 2,880
39,700 | 62,500 | 75,100 | 55,700 | 9,700
38,300 | 61,300 | 74,700 | 61,700 | 12,200
35,700 | 59,500 | 71,400 | 60,000 | 10,150
34,800 | 58,000 | 69,600 | 57,800 | 9,400
38,300 | 553,500 | 67,500 | 55,000 | 8,300
44,400 | 54,800 | 65,300 | 50,800 | 8,150
47,300 | 57,500 | 61,700 | 49,800 | 7,800

48,100 | 59,500 | 47,100 | 9,000
-.| 44,600 | 56,800 | 44,200 | 10,150
41,300 |_.___.. 39,900 | _.____.
43,828 | 52,407 | 56,632 | 20,435

A gaging station was established by the UnMed States Geological
Survey at Montague on November 5, 1901. The drainage area at
Montague is 6,890 square miles. The measurements are made from
the bridge across the Penobscot. A wire gage was established, read-
ing to feet and tenths and referred to a bench wark, the top of the
northwest corner of second course below bridge seat, easterly abut-
ment, the elevation being 25.78 feet. The initial point of sounding
is at the extreme end of the inclined end post on upstream side of
bridge. The channel is straight for 1,000 feet above and 3,000 feet
below the station, and the current is swift. The banks are high and
rocky, and the bed rocky, with some gravel. The gage is read twice
daily—7 a. m. and 5 p. m.—by A. H. Hanson, a merchant in Mon-
tague. The measurements made on November 5,1901, when the gage
height was 2 feet, gave a discharge of 3,073 cubic feet per second.

Daily gage height, in feet, of the Penobscot River at Montague, Me., for 1901.

Day. Nov.| Dec Day. Nov. | Dec Day. Nov.| Dec Day. Nov. | Dec.
2.0 2.8 2.0 2.1 |14.5 5:95
2.0 2.41 2.1 2.2 |11.8 6.2
2.0 2.5 2.5 2.2 | 8.7 5.9
2.0 2.5 8.3 2.2 | 7.8 5.45
2.0 2.5 | 3.8 120 (7.1 5.1
2.0 2.3 4.5 -1 2.0 | 6.45 5.3
2.0 2.2 6.2 2.85 | 6.0 5.4
2.0 2.2 |14.0 2.2 |5.8
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KENNEBEC RIVER.

As stated on page 14, a number of stations were established in the
fall of 1901 on the Kennebec River and its tributaries. Sinee 1892
records have been kept at Waterville by the Hollingsworth & Whit-
ney Pulp and Paper Company, and have been published by the
Survey. A summary of these results will be found in Water-Supply
Paper No. 69. Records for the year 1901 are not now available, but
it is hoped that these can be published in a later report.

KENNEBEC RIVER AT THE FORKS, ME.

This station was established by N. C. Grover, September 28, 1901,
at the bridge across the Kennebee River at The Forks. The gage
is a vertical rod, graduated to feet and tenths, and referred to a
bench mark which is the top of a bolt on east abutment, north end of
bridge; the elevation of the beneh mark is 12.85 feet. The initial
point of sounding is on the left bank, marked by a rod across the
bridge, just above the abutment and below the bridge floor. The
channel is straight above the station for about 200 feet and below for
a distance of 500 feet. The current is swift, the banks high and
roeky, with a rocky and permanent stream bed. The gage is read
twice daily, 7 a. m. and 5 p. m., by William W. Young. The drain-
age area of the Kennebec River at this point is 1,640 square miles.
The following measurements of flow of the Kennebec were made
during 1901 by N. C. Grover:

September 28, 1901: Gage height. 2.7 feet; discharge, 1,841 cubic feet per
second.
October 20, 1901: Gage height, 1 foot; discharge, 469 cubic feet per second.

Daily gage height, in feet, of Kennebec River at The Forks, Me., for 1901.

Day. [Sept. Oct. |Nov.|Dec.|| Day. |Sept.| Oct.|Nov.|Dec.|| Day. |Sept.| Oct. |[Nov.| Dec
) SR 2.4 126 255 | L7] 3.0 23....]...... 1.25 | 2.05 [..__..
2 2.4 2.6 265 1.8 8.4 |24 ____|._._... 2.06 | 2.0

[ N N 2.412.6 265 | L7 40| 2. . |...... 2.15 | 2.0

4 | 24|26 29 | 20| 9.0 26.___|__..__ 2.05 | 2.0

s R . 2.5 2.5 2.0 | 201 8.0 /|27, |- ... 2.05 | 2.0

[ J N S 2.25 1.45| 2.0 80128 |...... 2.0 | 2.0

QU IO 2.4 1215 1.15| 20| 7.0 20.____ 2.6 20 (20
SN U 2.4 12.05 .9 2.0 6.0 30.___. 25125 |20 |......
F* J 2.5 | 2.05 .9 2.0 ... 51 I PN 2% T PR SR
10 25| L9 1.0 | 20 ...
) 3 A IS 2.4 1.8 .9 2.0 ...

KENNEBEC RIVER AT NORTH ANSON, ME.

This station was established on October 18, 1901, by N. C. Grover.
It is located 1} miles east of North Anson, and is reached by pri-
vate conveyance. Measurements are made from the bridge across
the Kennebec. The gage is a vertical rod graduated to feet and
tenths and fastened to the bridge pier. It is referred to two bench
marks, one being the top of pier back of gage, elevation 22.5 feet,
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and the other the top of the southeast corner of the twelfth stone
from the top of west abutment, elevation 9.55 feet. The initial point
of sounding is on the left bank at the outside of the end post of the
bridge. The channel is straight above the station for 500 feet, and
below for 1,000 feet. The current is swift, the right bank high and
rocky, while the left bank is comparatively low and subject to over-
flow at the time of highest water. The bed of the stream is rocky, with
“sand over a portion of the section. The gage is read twice daily, at
8 a. m. and 4 p. m., by H. C. Stetson, the toll collector at the bridge.
The drainage area is 2,925 square miles. The following measurements
were made during 1901 by N. C. Grover:
October 14,1901: gage height, 3.2 feet; discharge, 3,145 cubic feet per

second.
October 18, 1901: gage height, 3 feet; discharge, 2,465 cubic feet per second.

Daily gage height, in feet, of Kennebec River at North Anson, Me., for 1901.

Day. Oct. | Nov.| Dec. Day. Oct. |Nov.| Dec. Day. Oct. |[Nov. | Dec.

1 3.0 2.2
2 8.0 2.55
3.. -] 2.85 .1 2.85
4. .1 8.1 -1 2.8
5. -1 8.0 | 2.7
6.. -12.9 .| 2.7
7. AN .| 2.7
8.. 125 | | 2.7
9. .| 2.55 |. .| 2.9
10.. -] 2.585 |.

11 2.35

ROACH RIVER AT ROACH RIVER, ME.

This stream, entering Moosehead Lake from the east, rises in the
highland region of Maine, its basin being well wooded and containing
several ponds of considerable size. At the foot of Lower Roach Pond
is a dam, owned by the log drivers, which controls the flow of the
river. The drainage area of the river at this point is 70 square miles.
The station at Roach River was established November 10, 1901, by
N. C. Grover. It isreached by a stage from Lily Bay. The gage is
a vertical rod spiked to the timber retaining embankment on the left
bank of the stream. It is divided into feet and tenths and referred
to a bench mark, a cross on the top timber to which the gage is spiked,
the elevation of this mark being 9 feet. The gage isread twice daily,
at 9 a. m. and 3 p. m., by C. H. Sawyer, hotel keeper. No measure-
ments have been made during 1901.

IRR 65—02——2
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Daily gage height, in feet, of Roach River at Roach River, Me., for 1901.

Day. Nov.| Dec. Day. Nov.| Dec. Day. Nov.| Dec Day. Nov.| Dec
I

2.3 ! 2.3 2.313.5 2.2 3.3
2.3 2.3 | 2.2 8.5 2.21 8.65
2.3 | 2.3 2.2 | 8.5 2.21 34
2.8 2.3 2.2 185 2.2 2.9
2.3 2.3 2.2 3.5 2.3| 2.8
2.8 2.3 2.2 |35 2.3 2.8
2.3 2.65 22182 81 ... 2.8
2.3 3.1 2.2 8.0 \

DEAD RIVER AT THE FORKS, ME.

This tributary of the Kennebec has its headwaters in the mountains
between Maine and Canada and flows in a general easterly direction,
entering the Kennebec at The Forks. Its basin contains 840 square
miles and is 40 miles in extreme length by 30 in width and completely
wooded. Through a large portion of its length the river flows through
swamps; in its lower course it has considerable fall. The only dams
on the stream are owned by the log-driving companies, and the gates
are kept open after the drive is out of the river. The station is 13
miles. west from The Forks and is reached by private conveyance.
The measurements are made from a boat guided by a half-inch manila
rope stretched across the river. The gage is a vertical rod graduated
to feet and tenths and referred to two bench marks. One is on the
right bank on the top of large bowlder at end of wharf on which gage
is placed; its elevation is 4.48 feet. The otheris on the left bank, 200
feet above the gage, on the top of bowlder; its elevation is 10.89 feet.
The channel is straight for 500 feet above and below the gage, the
current swift. The banks are rocky, though subject to overflow at
the time of highest water. The bed is rocky and permanent. The
gage is read twice daily, 6 a. m. and 6 p. m., by Jeremiah Durgin, jr.,
a farmer at The Forks.

A measurement of the flow at The Forks was made on September
29, 1901, when the gage reading was 0.4 feet and the discharge 253
cubic feet per second.

Daily gage height, in feet, of Dead River at The Forks, Me., for 1901.

Day. Sept. | Oct. | Nov. | Dec. Day. Sept. | Oct. | Nov. | Dec.

=3

00 Ui 0 85 83 30 0 0 e e e 2

=
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CARRABASSET RIVER AT NORTH ANSON, ME.

This river enters the Kennebec from the west at North Anson.
Its basin has steep slopes, partly in farm lands, with no natural reser-
voirs. Dams have been constructed and power used at New Port-
land, East New Portland, and North Anson. The drainage area is
330 square miles. On October 19, 1901, a gaging station was estab-
lished on the Carrabasset, 1 miles west of North Anson, by N.C.
Grover. Thegaging is made from a boat held in position by a manila
rope stretched across the stream. The gage is a vertical rod graduated
to feet and tenths, and referred toa bench mark on a blazed spruce
tree 40 feet from the gage. The elevation of bench mark is 10.78 feet.
The gage is read every morning by N. Q. Hilton, a farmer in North
Anson, Me. No measunrements have been made at this station.

Daily gage height, in feet, of Carrabasset River, at North Anson, Me., for 1901.

Day. Nov.!Dec. Day. Nov. | Dec. Day. Nov. | Dec. Day. Nov. | Dec.
I
|

0.2

PR

2000w

COBBOSSEECONTEE RIVER AT RESERVOIR DAM NEAR AUGUSTA, ME.

This river is described in Water-Supply Paper No. 69, and records
of discharge measurements from 1890 to 1901, inclusive, will be found
in the same paper. The measurements are made at the reservoir
dam, where the discharge of the river is controlled by gates, except
during flood stages. The gates are closed on Sundays, and, except
at high stages, no water is allowed to pass. The measurements are
made by Mr. Alexander H. Twombly, engineer of the Forest Paper
Company, at Yarmouthville, Me., who has kindly furnished the figures
for publication.
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Daily discharge, in second-feet, of Cobbosseecontee River at reservoir dam, near
Augusta, Me., for 1901,

Day Jan.|Feb.|Mar.| Apr. |May.|June.|July.|Aug.|Sept.| Oct. | Nov.| Dec.
40| 22| 120 535 | 260 | 510 | 280 | 280 | (=) 0| 250 | (%)
600 20| 120 439 | 20 | 483 | 280 | 280 | 280 270 | 250 220
250 1 (2) (®) 646 | 260 | 439 | 280 280 | 280 (*) 220
250 | 220 120 1,439 | 260 | 303 () |.(*) | 280! 250 | 250 220
250 | 20| 120| 2,118 | (» | 303 | 280| 280 | 280 | 250 | 250 220
(2) 220 120 2,343 | 260| 304 | 280 280 | 280 (=) 250 220
250 | 2201 120 2,089 | 260! 300 | (=) | 280 | 280 250 250 | 220
250 | 2201 120 3,111 | 280 300 | 280 280 ( (») { 250 { 250 | (*)
20| 220 120 3,206 | 280 | 280 | 280 | 280 | 280 250 | 250 220
250 | (») | (2) | 3,050 | 280 | 280 | 280 280 | 280 | 250 | (2) 220
240 | 200 | 130 | 2,872 | 280 280 | 280 | (») | 280 | 250 250 | 220
2401 200 ) 170 | 2,649 | (=) | 280 | 2801 280 | 280! 250 | 250 220
(®) | 200 | 200| 2,580 280 | 280 | 280 | 280 (2 | 250 220
220 | 200 220 | 2,534 | 280 | 280 | (») | 280 | 270 | 20| =50 220
220 | 180 | 220 | 2,339 | 280 | 280 | 280 280 | () | 250 | 2560 | (»)
220 | 180 | 220 | 2,213 | 280 | (=) | 280 | 280 | 270 { 250 ( 250 | 2,700
220 | (3) | (2 | 2,080 | 280 | 280 | 280 | 280 | 20| 250 (2) {2,600
20 . 125 220 | 2,034 | 280 | 280 | 280 | (2) | 210 250, 250 | 1,143
220 220 | 1,921 1 () | 280 | 280 | 2801 200 | 250 | 250 | 999
() | 125 220 | 1,756 | 280 | 280 | 280 | 280 | 270 | (») | 250 | 270
220 | 125 220 | 1,143 | 280 | 280 | (*) | 280 | 270 | 260 | 250 | 270
220 | 125 | 250 999 | 280 | 280 | 280 | 280 | (») | 250 250 | (=)
20| 125 | 250 | 1,194 | 280 | 280 | 280 | 280 | 270 | 250 | 250 | 270
220 | () [ (2 | 1,206 280 280 | 280 | 280 | 270 | 250 | (») 200
220 | 125 6| 1,194 | 280 | 280 | 280 | (2) | 270 | 260 | 250 | 270
220 | 125 | 524 | 1,046 26 280 | 280 | 280 270 | 250 | 250 | 270
(») | 120| 919 907 | 26| 280 | 280 | 280 200 | (=) | 20| 270
220 | 120 1,404 | 1,109 | 286 | 280 | 280 | 280 { 270 | 250 | () 210
20 ... ,262 985 280 | 280 | 280 | () 20| 220 | (»)
20 oeeoe 824 20| 393 | (») | 280 | 280 | 200 | 260 220 | 284
220 | ... 569 ... 483 |._.... 280 | 280 |-..._. 250 | ooooo 1,143
281 | 173 | 344 | 2,046 | 200 | 306 | 280 | 280 | 274 | 252 | 246 526

* Water shut back on Sundays and holidays when under control.
ANDROSCOGGIN RIVER AT RUMFORD FALLS, ME.

The discharge of the Androscoggin River at Rumford Falls since
1892 has been computed by Mr. Charles A. Mixer, resident engineer
of the Rumford Falls Power Company. These figures have been
published from time to time by the Survey, and a complete record to
date will be found in Water-Supply Paper No. 69.



21

MAINE.

The following table gives the record for the year 1901:

Daily discharge, in second-feet, of Androscoggin River at Rwmford Falls, Me.,

for 1901.

238SRaRERcHRECRInRRtaRS
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Nov. | Dec.
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May. June.|July.| Aug. | Sept.

e R R B PP RS R
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Apr.

Feb. | Mar.

Jan.

Day.

Mean._’ 1,895 | 1,832 | 2,463 | 14,891 | 10,714 | 4,420 | 2,671 | 2,788 | 1,500 | 2,224 | 1,606 | 3,441

PRESUMPSCOT RIVER AT OUTLET OF SEBAGO LAKE, MAINE.

Since January, 1887, the flow from Sebago Lake has been measured,

the quantity being deduced from the openings in the regulating gates

at the dam, the discharging eapacity of which, under different condi-

The results of these measurements have been fur-

tions of head, has been determined and tabulated by Mr. Hiram F.
nished by Messrs. 8. D. Warren & Co.

Mills, of Lowell.

The drainage area at the

square

point of measurement is 470 square miles, of which about 60

th

where

The basin is described in the Nineteen

miles are lake surface.

Annual Report, Part IV, and in Water-Supply Paper No. 69,

records for former years are given.
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The following table gives the record for 1901:

Daily discharge, in second-feet, of Presumpscot River at outlet of Sebago Lake,
Maine, for 1901.

Day. Jan. | Feb. | Mar.| Apr. May.| June. |July.| Aug. [Sept.| Oct. |Nov.|Dec.
667 538 | 613 T28 | T4T | 693 | 300 650 | 630 267
667 | 538 | 673 466 | 747 | 693 1 653 | 650 | 630 | 697
550 | 538 | 678 993 | 747 | 693 | 653 | 650 R 697
693 | 538 | 673 993 | 747 | 3001 653 | 680 | 7TI7 697
693 1 538 | 333 993 | 747 | 693 | 653 650 | 17 697
693 | 538 683 993 | 747 | 693 ) 633 | 283 | MV | 697
693 | 367 | 683 993 | 400 | 693 | 653 | 647 | 717 697
693 0| 683 993 | 7131 693 | 300 | 647 7 267
693 0 683 466 | 713 | 693 | 642 | 647 | 717 700
567 15| 3833 95 | 13 642 | 647 | 283 760
833 | 19| 333 95 | 713 | 300 | 642 | 647 T00
33 | 175 | 333 795 | 713 | L20 | 642 | 647 | 667 700
467 | 175 | 693 795 | 7131 520 | 642 3 | 667 700
467 | 300 | 693 795 | 400 | 520 | 642 | 817 | 667 700
583 | 633 | 693 795 | 707 | 520 | 300 7] 667
667 | 633 | 693 450 1 707 | 520+ 667 | 317 | 667 533
333 | 633} 693 T12 ) 07 B2 | 667 | 643 | 233 583
33| 633 | 693 712 | 707 | 800 667 3 | 663 700
733 | 633 | 333 Y12 | 707 543 | 667 | 643 | 663 700
733 | 633 | 708 TR T0T | 543 | 667 663 700
It 300 | 703 12| 400 | 543 | 667 | 687 | 663 700
500 | 500 | 708 712 | 700 | 543 | 300 | 687 | 663 200
500 | 333 | 1708 400 | 700 | 543 | 658 | 687 | 663 700
333 ( 3331 350 623 | T00 | H43 | 668 | 687 | 267 700
683 | 333 | 350 623 | 700 658 | 687 | 657 700
683 | 667 623 | T00 | 662 658 | 687 | 657 700
683 | 667 | 728 3| 700 | 662 | 658 | 283 | 657 700
683 | 3331 728 623 | 300 | 662 ( 658 | 630 | €57 700
683 | 673 | 728 623 | 693 | 662 | 300 | 630 | 657 700
683 | 678 | 728 400 | 693 | 662 | 650 | 630 | 657 700
367 [ k6> R 693 | 662 ... 630 ... 700
623 | 466 | 605 22| 670 | 575 | 596 | 574 | 618 616

OTHER NEW ENGLAND RIVERS.
MERRIMAC RIVER AT LAWRENCE, MASS.

Records of flow of this river at Lawrence have been kept for more
than fifty years, but have never been published in full. Figures for
the monthly maximum and minimum discharge from 1890 to 1897
were published in the Nineteenth Annual Report, Part IV; the daily
discharge for 1897, 1898, and 1899 in Water-Supply Paper No. 35; the
daily discharge for 1900 in Water-Supply Paper No. 47. These
figures are furnished by Mr. R. A. Hale, engineer of the Essex Water
Power Company.

SOUTH BRANCH OF NASHUA RIVER AT CLINTON, MASS.

Sinece July, 1896, the flow of the South Branch of Nashua River has
been measured at Clinton, Mass., by the Metropolitan water board.
The results of these measurements have been furnished by Mr. Fred-
eric P. Stearns, chief engineer. Beginning with 1897 the flow has
been corrected for loss and gain of storage in ponds and mill reser-
voirs on the watershed, so that the results show the natural flow of
the stream. The flow for 1896, however, has not been corrected for
storage. The tables, as furnished to the Survey, gave the flow in
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million gallons a month. These results have been reduced to second-
feet, and the run-off in inches on drainage area and in second-feet per
square mile has been computed.

The following extract from the Annual Report of the Metropolitan
Water and Sewage Board for the year 1901 will explain more in detail
the method of making the gagings at Clinton:

The gagings are intended to show the quantity of water that would have flowed
past the gaging station if no water had been diverted through the Wachusett
aqueduct, and for nearly all of the time the quantity that would have flowed if
there had been no mill and other storage reservoirs upon the watershed.

As accurate gagings of streams are rare, it is thought desirable to describe in
some detail the methods of measurement.

The quantity of water passing down the river bed has been gaged at a point near
the Water Street bridge in Clinton. ‘Just above this bridge there is an unused
dam which has been partly demolished, but at which there is still a decided fall, so
that the height of the water above it, when a given quantity of water is flowing,
is affected but little, if any, under all ordinary conditions by the condition of the
stream below the dam as regards obstructions from weeds in summer and ice in
winter.

Above this dam a recording float gage was established to give the height of the
water accurately and continuously. Just below the dam and bridge a gaging
section was established having a plank bottom and so arranged that the velocity
is sufficient for accurate current meter gagings. When the flow of the river
is very small, owing to the diversion of the water through the aqueduct, arrange-
ments have been made to diminish the width of the section through which the
water flows and thereby produce a sufficient depth and current for meter meas-
urement.

By a sufficient number of meter measurements atall stages of the river a curve
was determined which showed the quantity of water corresponding to all heights
on the recording gage. The relation between the quantity and the gaged height
is frequently checked throughout the year.

The current meter used was originally rated and the rating has since been
checked from time to time ata well-arranged rating apparatus at Sandy Pond.

From July 1, when the gagings were begun, to July 15, the recording gage was
not in operation, but an average of 8 observations of height was made daily. In
February, 1900, on account of a great flood which overflowed the bank of the
river where the gage house and gage were located, it became necessary to remove
the gaging apparatus and there were two days when the heights were not kept
continuously throughout the twenty-four hours. Otherwise the recording gage
has been in continuous operation.

The first diversion of water from the river through the aqueduct was on March
7,1898. At the lower end of the aqueduct a weir was established with a record-
ing float gage, providing for a continuous record of the height of water flowing
over the weir. A current-meter station was established for gaging the flow
through the aqueduct and the weir was calibrated by many measurements with
the current meter at various depths of flow. The quantity of water flowing
through the aqueduct is, therefore, very accurately measared. In the lower
stages of the river nearly all of the water passes through the aqueduct.

There are upon the watersheds fourteen storage ponds and reservoirs, nearly all
controlled by the mills, the capacities of which have been determined. The draft
from these reservoirs materially increases the flow of the river in the drier por-
tions of the year and the flow diminishes while they are filling. The total capacity
of the reservoirs is 1,471,800,000 gallons,
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Observations of the heights of water in the reservoirs included in the table
have been taken twice each month, nsually on the 1st and 15th days, during the
following periods: June 1, 1897, to November 15, 1897, inclusive; June 1, 1898, to
November 1, 1898, inclusive; June 1, 1899, to January 15, 1900, inclusive; and
continuously since June 1, 1900. :

No observations of the heights of reservoirs were taken in 1896, nor were any
taken during the winter and spring months until after the spring of 1900. The
omission of the observations of the storage reservoirs in the summer and autumn
of 1896 materially affects the records for that period, but the omission of observa-
tions in the winter and spring of several years causes little or no error, because
at such times the reservoirs are usually full or nearly full and the flow of the
stream is comparatively large.

As already indicated, the aggregate quantity flowing in the river at the gaging
station and in the aqueduct is corrected for the amount drawn from or added to
storage, so that the records give as nearly as possible the actual flow of the river
as it would be in its natural condition.

The change in storage during the month preceding and following the observed
heights has been estimated. and during the remainder of the winter and spring
months, when there were no observations, it has been assumed that the reservoirs
were full.

The area of the watershed above the Wachusett dam was determined by the
State board of health from the topographical map of the State, after a careful
reconnoissance of the divide for its whole length, to be 118.28 square miles.
A change in the location of the north dike from that originally proposed has
added 0.08 of a squarve mile, and an additional area of 0.69 of a square mile
draining to the river between the Wachusett dam and the gaging station, makes
the total area of the watershed at the gaging station 119 square miles.

Estimated monthly discharge of South Branch of Nashua River at Clinton, Mass.

[Drainage area, 119 square miles.]

Run-off.
Month, Mean dis- Raintall.
Pe];n Sﬁga.re Depth.
1896. * Second-feet.| Second-feet.| Inches. Inches.
July. . ... 62 0.519 0.599 4.74
August - ... 56 . 467 .539 2.62
September - .. .. ___ . _______. 84 LT07 .788 7.81
October. ... .. ... 146 1.228 1.415 3.72
November .. __________ e 168 1.410 1.572 2.99
December ... __________________.___ 172 1,447 1.668 2.22
1897
Januwary - ... _____ 147 1.232 1.420 3.46
February . . ... 17 1.440 1. 500 2.86
March .. ... 508 4,270 4.922 4.01
April ... 300 2.525 | 2.818 2.82
AY i 214 1.800 2.075 5.06
June - ... 217 1.828 2.039 5.11
July . ... 266 2.231 2.572 8.65
Auwgust . __.__._. 165 1.886 1.599 3.47
September ... .. __.____. 70 .b88 .656 |, 1.93
October________ . ____.__ ... 45 .87 .434 . .9
November . _____ ... ... __.___. 236 1.984 2.214 7.62
December ... ... .. _._..___._. 419 3.521 4,059 6,41
Theyear.. ... ... ... 280 1.988 26. 308 51.84

aFigures for 1896 have not been corrected for loss and gain by storage iu ponds and mill reservoirs.
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Estimated monthly discharge of South Branch of Nashua River at Clinton,

Mass.—Continued.
Run-off.
Month Mean dis- Rainfall.
charge. Pelzn?&lfare Depth.
1898. Second-feet.| Second-feet.| Inches, Inches.
______________________________ 288 2,418 2. 787 6. 65
_____________________________ 301 2.530 2.635 3.30
_______________________________ 569 4.78 5,509 2.27
_________________________________ 374 3.137 3.500 4,43
__________________________________ 256 2.151 2.480 3.38
_________________________________ 158 1.281 1.429 3.11
July_ .. 61 .514 .593 3.01
_______________________________ 244 2.049 2.363 10.61
September____________________________ 124 1.045 1.166 3.15
October ___________ . ... 278 2.334 2.691 7.21
November ___ . ____ . ________.__. 400 3.858 3.746 6.81
December _____________: el 380 3.189 3.676 3.99
.Theyear_ . ____.__. .. ____.._. 286 2.400 32.575 57.92
1899. |
January . ... ... _.___ 385 8.236 | 8.731 2.98
February .. .. ... 201 1.687 | 1.75% 5.12
March.. ... ... 511 4.295 4,952 6.75
April ... 622 5.224 5.829 1.94
May .. 159 1.384 1.538 1.33
June ... 103 . 869 . 969 5.51
July. . ... 65 | . 548 .631 3.82
Augast ... 43 . . 365 .421 3.20
September____________________________ 46 . 387 431 4.11
October _ . ... 45 .879 . 437 2.72
November . ________ . __._.... 79 . 665 .42 1.94
December _ ... . ______.___.. 66 . 555 . 640 2.03
Theyear. .. ... ... _.__._._._..__ 194 1.626 22.078 41. 40
1900.
January ... ... . __.._... 147 1.282 1. 420 4,56
February ... ... . ... 47 6.271 6. 532 8.69
March ... ... .. 686 5.759 6.639 6.19
April . .. 291 2.444 2.727 2.76
MaY 255 2.139 2. 467 4.84
June ... 106 .894 .998 3.59
July . 40 . 836 . 388 38.20
August .. .. . 36 .804 .851 3.18
September ... _____. - 23 .197 . 220 8.46
October _.______ . ... .. ____ 52 L4387 .504 2.90
November .. _______ . _________. 161 1. 354 1.510 6.44
December ... ... .. _____. 289 2.429 2. 800 3.15
Theyear_ ____ ... .. _._________. 233 1. 956 26. 556 52.46
1901.
January ... ... ... 96 .803 . 926 1.75
February ... ._ il 66 .551 574 1.13
March ___. ... 501 4,205 4.849 5.82
April ____ ... 919 7.711 8.605 9.64
May . .. 503 4,222 4,867 7.02
June _ ... 182 1.525 1.701 1.51
July ... 88 .788 .851 5. 66
August . ... 94 792 .913 4.58
September . .__ ... ... __._. 59 .495 . 552 8.10
October_. ... __________ ... 119 1.001 1.154 8.70
November .. ______._ . . ______._. 95 .'799 . 892 2.43
December .___.______ e 596 5. 002 5.766 9.36
Theyear __.._._._ .. . . ... R 2.332 31.650 55.70
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SUDBURY RIVER AND LAKE COCHITUATE, MASSACHUSETTS.

Sudbury River and Lake Cochituate have been studied by the
engineers of the city of Boston, the State board of health of Massa-
chusetts, and the Metropolitan water board, and records of rainfall
in the Sudbury watershed have been kept since 1875, in the Cochituate
basin since 1852, but the latter have been considered of doubtful
accuracy previous to 1872. The records of run-off from 1875 to 1898,
inclusive, were published in the T'wentieth Annual Report, Part IV,
those of 1899 in Water-Supply Paper No. 35, and those of 1900 in
‘Water-Supply Paper No. 47. The following table gives the record
for 1901. All of the records were furnished by Mr. Desmond
Fitz Gerald.

Run-off and rainfall for Sudbury River watershed, Massachusetts, for 1901.

[Drainage area, 75.2 square miles.]

Run-off per Percent-

Month. Sg;lﬁlg‘g Il)%%ﬂgé) f | Rainfall. &%’g&ﬁl
. collected.

Second-feet.!  Inches. Inches.

Januvary __ ... -0.676 0.77% 1.82 42.7
February . . ... .464 .483 1.52 31.7
March ... . ... 4.262 4.912 6.57 74.8
April - ... 6.504 7.257 8.60 84.4
May . ... 4.570 5.269 7.23 72.9
June_.. ... 1.165- 1.299 1.38 94.1
July ... ‘ 473 . 545 5.71 9.6
August .. . .. . 655 .756 4.57 16.5
September . _____________ ____________ .473 . OR7 3.30 16.0
October_____ . ... __. I .637 .734 2.82 26.1
November . . ____________ .. _____. .734 .819 2.90 28.3
December ... ______ .. ______._. 4.170 4.808 9.69 49.6
Year_____ . ... 2.076 28.188 56.11 50.2

Run-off and rainfall for Lake Cochituate watershed, Massachusetts, for 1901.

[Drainage area, 18.87 square miles.]

Percent-
Run-off per
Month. sqqa,rg ?g{’ﬁg&) f | Rainfall. | rg',%r?fg,{l
mile. collected.
Second-feet. Inches. Inches.
January ... ... ... 0.840 0.968 1.85 52.3
February . ... ___.______ I . 629 . 655 1.80 36.4
March . __ . _______ I 3.845 4.434 6.35 69.8
April . ... 4,649 5.187 7.51 69.1
May ... ... 3.704 4.269 6.93 61.6
June .. e 1.019 1.137 1.26 90.2
July_ . ... .792 .913 6.67 18.7
August . ... . S, 1.101 1.269 4.48 28.3
September ______ . _______________. 1.012 1.129 3.17 35.6
October .__._.____ i 1.083 | 1.249 2.83 44.1
November _____ ___________________._. 1.034 1.154 3.08 38.1
December _______ . ________.... 3.675 4,237 8.58 49.4
Year - .. 1. 959 26. 601 54.46 48.8
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MYSTIC LAKE, MASSACHUSETTS.

This lake was formerly a source of water supply for the city of
Charlestown, Mass. A brief deseription of the watershed is given in
Water-Supply Paper No. 35; also the run-off in inches from the water-
shed from 1878 to 1897, inclusive.

BLACKSTONE RIVER AT BERKELEY, R. I.

The Blackstone River, rising in Massachusetts and flowing to tide
water at Providence, R. 1., is one of the great water-power rivers of
the United States. Its flow is largely affected by the many dams
built across the river for the development of water power. A station
for systematically measuring the flow of the Blackstone was estab-
lished in May, 1901, by John E. Hill, professor of civil engineering,
Brown University, and measurements of flow have been made under
his charge by two students of the university, George H. Gilbert
and Ienry B. Drowne. The station is located at a bridge about
one-fifth of a mile west of the New York, New Haven and Hartford
Railroad station at Berkeley. The drainage area at this point is
429 square miles. At this point the Blackstone River is paralleled
by Blackstone canal, and measurements of the canal are usually made
immediately after the measurements of the river are completed. The
canal begins at the Ashton dam, three-fourths of a mile upstream,
and terminates at the Lonsdale mills, 2 miles below the station.
Throughout the late spring and summer the gates at Lonsdale are
closed at 12.30 p. m. on Saturdays. The combined flow of the river
and canal represents the total flow from the drainage area of the
Blackstone above Berkeley. The gagings are made from bridges over
theriver and canal. The gages are vertical rods nailed to the bridges,
the river gage being referred to two bench marks—the first is a large
stone 20 feet south of road, 90 feet east of bridge, and 12 feet southwest
of old oak tree, the elevation being 8.87 feet; the second is the west
end of stone doorsill to office of Berkeley Mills; elevation, 18 feet.
There are two benches for the canal gage, the first being the top of
the same stone as used for the river gage, its elevation being 2.10 feef
below the zero of the gage rod, while the stone sill just described has
an elevation of 7.03 feet. The banks of both the river and canal are
high, the river having a straight course above the station, though
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